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Abstract—Wireless power transmission presents itself as being
a solution to some common problems of the extensive use of
electronic devices such as the removal of parasitic components
present in feeding pads and the constant charge of electronic
devices without the need of wires. This solution becomes attrac-
tive, for example, as a means of increasing the flight time of
battery dependent unmanned aerial vehicles. Microstrip antenna
due to their ease of manufacturing, low fabrication cost, support
of different polarizations and conformability to irregular surfaces
and different substrates, seem very advantageous in being used
for microwave power transmission. This paper presents a linearly
polarized 16-element antenna array with uniform amplitude and
phase excitation proposed for power transmission while both
a linearly and circularly polarized single element patch are
proposed for reception.
Keywords—Microwave antenna array, Microstrip antennas,
Rectennas.
I. INTRODUCTION
For the last century the concept of transferring energy
without resorting to wires has been researched and several
notorious demonstrations came of this idea [1]. Tesla was
responsible for the first concrete concepts and experiments but
he was not successful at implementing these for commercial
use.
Halfway across the 20th century, Raytheon engineer
William C. Brown demonstrated the flight of a helicopter
powered solely by electromagnetic waves being transmitted
by a 3 meter wide ellipsoidal reflector. Between 3 to 5 kW
of power was beamed to the helicopter, which was capable of
flying 10 hours straight and reach an altitude of 15 m. This was
the first time the concept of a rectifying antenna was presented.
The rectenna used in this experiment was a 0.2 m2 half-wave
dipole antenna array with around 4480 diodes [2].
Nowadays, several companies are currently investigating
the capabilities of using resonant inductive coupling as a means
of charging common household appliances. These systems
can make devices become capable of being remotely powered
allowing for a greater freedom of movement and making them
more compact by removing their battery [3].
The academic world has also taken an interest in the further
understanding and development of these techniques, being that
several projects on the matter are already being the developed
all across Europe [4].
Fig. 1: Depiction of a drone charging with resort to microwave
power transmission.
These concepts of wireless power transfer can be envi-
sioned to power unmanned aerial vehicles in midst flight.
Using this method it could be possible to build wireless
charging stations scattered across a wide area where the drones
could power up at a distance.This concept is better observed
in Figure 1.
For this specific application, techniques such as resonant in-
ductive coupling seem disadvantageous given the extra weight
that would be implied to the device, which would decrease
even further its operational time, and the distance limitations,
given most of the currently available wireless power charging
docks require milimetric proximity between the transmitter and
receiver coils to effectively transfer power.
Microwave wireless power seems an adequate solution
given that with rectennas it is possible to have a high flexibility
in the design of the different elements of the system. The
radiating element, for example, can be any type of antenna
such as dipoles [1] [5], Yagi-Uda [6] [7] or microstrip [7] [8].
The rectifier element, usually Schottky diodes, can present
various values of breakdown voltage making them desirable
for different implementations. Conversion efficiencies from 34
% at 0 dBm input power [9] to 50 % at 10 dBm of input
power [10] and even 71.4 % at 24.2 dBm of input power [11]
have been obtained for microwave energy harvesters working
at 5.8 GHz. The largest conversion efficiency accounted for so
far was 90.6 % at 2.45 GHz in [12].
This paper is organized as follows. First the typical archi-
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Fig. 2: Wireless power transfer system.
tecture of a wireless power transfer system is presented and
each of its components are briefly described. The third and
forth sections present the design and results of the transmitter
and receiver antennas designed for a wireless power transfer
system intended to be implemented in a small quadcopter
unmanned aerial vehicle. The final section draws some con-
clusions on the obtained results and possible implementation
of the designed antennas for above mentioned system.
II. SYSTEM’S DESCRIPTION
Wireless power transfer systems consist of several funda-
mental components which enable direct current (DC) power to
be converted into RF waves, transmitted between two points
and once again back into useful DC. These core components
can be observed in Figure 2 where they are divided into power
transmitter and receiver.
On the receiver this power must be captured and efficiently
converted. This section presents the typical energy harvesting
structure, which frequently consists of the receiver antenna,
an impedance matching circuit to properly match the antenna
with the signal rectifier, a rectifying circuit with a low-pass
filter which removes the fundamental tone from the output, as
well as other unwanted harmonics, and finally the load. The
most important aspect of this segment is without a doubt its
overall efficiency which can be derived as the product of the
efficiencies of each individual stage [3].
The frequency of operation and total transmitted power
must be complaint with the Industrial, Scientific and Medical
(ISM) radio bands and other local regulations. In this paper
the chosen frequency was 5.8 GHz.
The load is of major importance for the receiver given that,
for diode based rectifiers, it also limits the efficiency at higher
power levels [12] and for active loads one should compromise
on which range of input power levels maximum efficiency
should be obtained.
III. ANTENNA FOR POWER TRANSMISSION
On his experiments with the microwave powered heli-
copter, William C. Brown described the transmitter as being
composed by an extremely directive antenna so that the power
available to the target is as greater as possible without there
being major losses to the side lobes [2]. To obtain such
directivity an array of microstrip antennas, designed for linear
polarization, is presented.
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Fig. 3: Transmitter’s patch antenna.
A. Single Element
The element of this array is a patch, printed upon a
Rogers RO3006 substrate with a relative permittivity (r) of
6.15, a loss tangent (tanδ) of 0.002 and 1.27 mm height.
The antenna geometry is presented in Figure 3, while the
corresponding dimensions are in Table 1. The patch and a
feeding microstrip line with a length of λ
4
which also matches
the input impedance of the antenna to 50 Ω, are printed in the
top face of the substrate. For simulation purposes Computer
Simulation Technology’s (CST) Microwave Studio (MWS)
was used.
A return loss 21 dB return loss and gain of 7 dBi were
obtained for this element, at 5.8 GHz, through simulation.
L 9.8 mm
W 13.3 mm
Y0 0.034 mm
TABLE I: Patch Dimensions.
B. Full 16-element Array
Based on the element designed in the previous section a
4x4 antenna array with a directivity of 19.6 dBi for the main
lobe and a side lobe level of -13.3 dB was designed . CST’s
post processing tools were used to obtain the optimal spacing
between the independent elements.
As for the feed of the single patch, the feed network of the
complete array is composed by quarter-wave impedance trans-
formers and lines of 100 Ω characteristic impedance, except
for the 50 Ω line at final transformer, which is responsible for
output matching. The array is symmetrical for the antennas to
be excited with the same amplitude and phase (see Figure 4).
The variation of the reflection coefficient of the array can
be observed in Figure 5. This antenna presented a gain of 16.8
dBi at 5.8 GHz, as can be seen in Figure 6, and 18 dBi at 5.864
GHz.
IV. Rectenna
For power reception and conversion, rectifying antennas,
or “rectennas”, are commonly used in wireless power trans-
mission systems. This concept was first demonstrated in 1964
in William C. Brown’s experiments with the microwave power
Fig. 4: Final 16-element array.
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Fig. 5: Comparison between measured and simulated S11 of
the full array.
Fig. 6: Simulated and measured radiation patterns of the 4x4
transmitter array.
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Fig. 7: Proposed layout for the substrate of the rectenna.
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Fig. 8: Patch antennas for the receiver.
helicopter. The first implementation of this concept consisted
of a dipole antenna with a diode connected between its
branches [2].
For rectennas with microstrip patch antennas we propose
a two layered circuit with overlapped substrates of different
dielectric constant, separated by a ground plane, as shown in
Figure 7. The circuits would be connected through a via in
the substrates and both RF-DC converter and antenna could
be directly designed to be matched as in [13]. In this way the
impedance matching design can directly address the matching
between antenna complex impedance and the rectifier input
impedance. Indeed [13] a nonlinear optimization design is
needed due to the different behavior of the rectifier with respect
to the input power. For the purpose of this contribution the
antennas were referred to 50 Ω.
The receiver antennas, shown in Figure 8, were designed
for the same Rogers RO3006 substrate as presented before.
In order to compare the effects of polarization mismatch in
wireless power transfer, two antennas were designed with
different polarizations and simulated with coaxial feeding
in order to tune their dimensions and achieve the desired
polarizations and return losses.
If both antennas are linearly polarized they must be ori-
ented in the same direction for there not to be polarization
losses. Antennas with different polarizations will be designed
for this system to later verify the effect of polarization mis-
match between transmitter and receiver and conclude which
preforms better with the previously designed transmitter array.
Once again the Rogers RO3006 substrate with 1.27 mm of
height was used to design these antennas. A substrate with a
relative permittivity of 6.15, which is ordinarily high regarding
the design of patch antennas, was chosen to obtain small sized
antennas.
Once the patches were printed their S11 parameters were
measured and compared to the simulations.
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Fig. 9: Comparison between simulated and measured values
for the linearly polarized square patch.
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Fig. 10: Comparison between simulated and measured values
for the right hand circularly polarized patch.
A. Results
The results shifted from the simulations for both antennas
but still present themselves as acceptable at 5.8 GHz. These
changes can come from small shifts in the placement of the
feed and from the effect of parasitic inductances introduced
by the SMA’s copper line placed within the substrate.
The measured and simulated reflection coefficient, in dB,
of both linearly and circularly polarized patch antennas can
be observed, respectively, in Figures 9 and 10. The variation
of the simulated axial ratio of the circularly polarized antenna
can be observed in Figure 11 and presented a value of 0.32
dB at 5.8 GHz. Moreover, this antenna presented a simulated
gain of 5.3 dBi while the linearly polarized patch is expected
to have a gain of 5.5 dBi.
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Fig. 11: Simulated value of the axial ratio of the circularly
polarized patch antenna.
V. CONCLUSION
Simulations and measurements were performed in different
microstrip antenna topologies that are here proposed to be part
of a microwave wireless power transfer system. The transmitter
antenna array demonstrated a gain of 16.8 dBi at 5.8 GHz
while the receiver antennas presented gains of 5.5 and 5.3
dBi. The circularly polarized antenna presented an expected
axial ratio of 0.32 dB. Given the high flexibility and simplicity
to replicate and design these antennas, microstrip antennas
present themselves as a good structure to apply in wireless
power transfer systems.
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